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Total knee arthroplasty (TKA) is a safe orthopedic surgery, 
which is performed worldwide in the treatment of patients 
with advanced knee osteoarthritis. Current studies have 
demonstrated satisfactory long-term clinical outcomes and 
survival rates in patients who underwent TKA.1,2) Despite 
such excellent results in previous studies, however, the in-
cidence of complications after TKA is as high as 7%−12%.3) 
Common complications after TKA include thromboem-
bolic disease, periprosthetic joint infection, neurovascular 
injury, periprosthetic fracture, and joint stiffness.4) 
Vascular complications occur very rarely in TKA, 
but may lead to limb- and life-threatening consequenc-
es.5-7) Among the possible vascular complications, isch-
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emic complication is the most frequent (56%−60% of total 
complications) and serious complication.7-10) There is one 
case report of acute arterial thrombosis occurring in a 
patient without the risk factors.11) However, in most cases, 
ischemic complications develop in patients with vascular 
calcification; the ischemia results from indirect trauma, 
which is caused by stretching of the popliteal artery during 
knee joint dislocation and by blunt pressure applied when 
using retractors.5) Potential ischemic complications include 
protracted wound healing, wound necrosis, pressure-
induced necrosis of the toes, heels, or foot, compartment 
syndrome, and limb amputation.
Vascular calcifications around the knee are often 
found on preoperative radiographs in patients who are 
scheduled to undergo TKA. Lindbom12) classified these 
vascular calcifications as medial and intimal types based 
on their morphology on radiographs. It is relatively easy 
to distinguish between medial and intimal types on plain 
radiographs. In one study of 39 cadavers by Orr et al.,13) 
the medial/intimal classification based on radiographic 
criteria correlated with histologic findings in 92% of cases. 
Medial artery calcifications are nonobstructive lesions that 
form a uniform linear “railroad track” on radiographs and 
increase the stiffness of the arterial wall.14) Intimal calcifi-
cations, in contrast, present as discrete plaque-like dense 
clumps (Fig. 1).10,14) 
Pneumatic tourniquets are often used in TKA to 
improve structure visualization, reduce intraoperative 
bleeding, and obtain a better cement-bone interface in-
traoperatively.15) However, tourniquets also have risk of 
adverse effects. They have been associated with nerve 
palsies, vascular injuries, postoperative pain, and muscle 
damage.15,16) There is particular concern for ischemic com-
plications in cases of TKA performed using a tourniquet 
when there are calcifications in the femoral and/or popli-
teal arteries on preoperative radiographs.8,17) In addition, 
some studies have found that the presence of arterial calci-
fications around the knee on preoperative radiographs was 
associated a higher risk of postoperative cardiovascular 
events and mortality.18,19) The purpose of this study was to 
evaluate the incidence and characteristics of calcifications 
around the knee joint and the incidence of intraoperative 
and postoperative complications in patients who under-
went TKA using a tourniquet.
METHODS
We conducted this study in compliance with the principles 
of the Declaration of Helsinki. The protocol of this study 
was reviewed and approved by the Institutional Review 
Board of National Health Insurance Service Ilsan Hospital 
(IRB No. 2019-04-002). Written informed consents were 
obtained. The records of 5,438 patients who underwent 
primary TKA at our institution between January 2003 and 
January 2017 were retrospectively reviewed. The indica-
tions for surgery included degenerative arthritis in 5,406 
cases, rheumatoid arthritis in 18 cases, osteonecrosis in 10 
cases, traumatic arthritis in three cases and gouty arthritis 
in one case. There were 358 men, and 5,080 women in-
cluded. The left knee was operated on in 2,735 cases and 
the right knee, in 2,667 cases.
We examined the preoperative knee radiographs 
from all patients for femoral and/or popliteal artery calci-
fications. Calcifications were classified as medial, intimal, 
or mixed.12,14) Radiologic evaluation was performed by an 
orthopedic surgeon (JHY) and a radiologist (SHL). The 
orthopedic surgeon first judged the presence of calcifica-
tion of vessels in the preoperative radiographs. The calcifi-
cations were later confirmed and classified by the radiolo-
gist.
Vascular calcifications were identified on the pre-
operative knee radiographs of 223 patients. We reviewed 
patient age, body mass index (BMI), sex, medical comor-
bidities, and surgical time. Intraoperative and postopera-
tive complications were investigated among these patients. 
Postoperative complications were analyzed from the time 
of surgery to the date of last follow-up (minimum 1 year, 
range, 1 year to 12 years 7 months). Systemic complica-
A B
Fig. 1. Preoperative lateral radiographs of the knee. (A) Medial artery 
calcifications are observed as a uniform linear railroad track. (B) Intimal 
calcifications present as discrete plaque-like dense clumps.
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tions and ischemic complications were also investigated.
One senior surgeon (JHY) performed all of the op-
erations. A cemented TKA with patellar resurfacing was 
used in all patients. The LCS Total Knee System (DePuy-
Synthes, Warsaw, IN, USA) implant was used in two cases, 
while the NexGen LPS-Flex Total Knee System (Zimmer, 
Warsaw, IN, USA) was used in the remaining 221 cases. 
The surgery was performed by using the conventional 
parapatellar approach in five cases and the minimally in-
vasive approach in 218 cases. The indications for surgery 
in these patients included degenerative arthritis in 222 
cases and osteonecrosis in one case. A tourniquet with an 
inherent pressure of 320 mmHg was used in all patients 
during TKA. The tourniquet was inflated immediately be-
fore skin incision and was deflated after wound closure. A 
closed suction drain was inserted in the knee joint and was 
removed 48 hours after surgery in all patients. 
Deep vein thrombosis prophylaxis was performed 
by using a foot pump for 72 hours after surgery and com-
pression stockings were worn for 6 weeks after surgery in 
all patients. A blood clot buster was not used. A passive 
knee joint exercise using a passive motion machine for 
joints and walker-aided walking were started on the 2nd 
postoperative day, depending on the condition of the pa-
tient.
Pearson chi-square test was used to analyze nomi-
nal variables. The t-test, Mann-Whitney test, and one-
way analysis of variance were used to compare continuous 
variables and to determine significant differences. All 
statistical analyses were performed by using IBM SPSS ver. 
25.0 (IBM Corp., Armonk, NY, USA). The statistical sig-
nificance level was set at p < 0.05 for all tests.
RESULTS
Vascular calcifications of the artery around the knee were 
identified in 223 cases (4.1%) in total, including 105 cases 
(3.84%) on the left side and 118 cases (4.42%) on the right 
side (p > 0.05). The incidence of calcifications in men 
was 7.0% (25 of 358 cases) and 3.9% (198 of 5,080 cases) 
in women (p > 0.05). The mean (± standard deviation) 
patient age was 70.6 (± 6.0) years in the non-calcification 
group and 73.8 (± 5.7) years in the calcification group (p > 
0.05) (Table 1).
The medial type included 46 cases (20.6%); intimal 
type, 161 cases (72.2%); and mixed type, 16 cases (2.7%). The 
mean (± standard deviation) patient age was 73.07 (± 6.0) 
years in the medial type, 74.23 (± 5.7) in the intimal type, 
and 72.25 (± 4.8) in the mixed type (p > 0.05). The mean 
BMI was 26.72 kg/cm2 in the medial type, 25.56 kg/cm2 in 
the intimal type, and 26.52 kg/cm2 in the mixed type (p > 
0.05). The total blood loss was 825 ± 288 mL in the medial 
type, 760 ± 400 in the intimal type, and 745 ± 333 in the 
mixed type (p > 0.05). There were no statistically signifi-
cant differences in demographic or surgical data between 
the three groups (Tables 2 and 3).
Medical comorbidities were also evaluated in the 
calcification group. Hypertension was the most common 
comorbidity, which was observed in 203 patients (91.0%). 
There were 114 cases (51.5%) of diabetes mellitus, 14 cases 
(6.3%) of cerebrovascular disease, and eight cases (3.6%) 
of coronary artery disease (p > 0.05). Similarly, there were 
no statistically significant differences in the frequency of 
medical comorbidities in the three groups (Table 4).













Age (yr), mean ± SD 73.8 ± 5.7 70.6 ± 6.0 NS
Sex (male : female) 25 : 198 333 : 4,882 NS
SD: standard deviation, NS: not significant.
Table 2. Demographic Data of Patients with Calcifications on 
Preoperative Radiographs 




(n = 16) p-value
Age (yr), mean ± SD 73.07 ± 6.0 74.23 ± 5.7 72.25 ± 4.8 NS
Sex (male : female)  8 : 38  15 : 146 2 : 14 NS
Right : left 26 : 20 84 : 77 9 : 7 NS
BMI (kg/cm2),  
mean ± SD
26.72 ± 4.3 25.56 ± 3.5 26.52 ± 3.9 NS
SD: standard deviation, NS: not significant, BMI: body mass index.
Table 3. Surgical Data of Patients with Calcifications on Preoperative 
Radiographs 




(n = 16) p-value
Operation time (min) 83.1 ± 20.5 77.3 ± 12.9 77.3 ± 16.3 NS
Total blood loss (mL) 825 ± 288 760 ± 400 745 ± 333 NS
Values are presented as mean ± standard deviation.
NS: not significant.
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Ischemic complications were found in three cases 
(0.06%, three of 5,215 cases) in the non-calcification group 
and in three cases (1.35%, three of 223 cases) in the calci-
fication group. The incidence rate of ischemic complica-
tions was significantly higher in patients with preoperative 
vascular calcification than in patients without preopera-
tive vascular calcification (p < 0.05). All three cases in the 
non-calcification group were postoperative complications: 
wound dehiscence in two cases and wound necrosis in one 
case. There were two intraoperative complications and 
one postoperative complication in the calcification group. 
Intraoperative complications were noted in two cases in 
the medial type. All intraoperative complications involved 
tourniquet failure. Despite the increase in the tourniquet 
pressure to 370 mmHg intraoperatively in these cases, the 
tourniquet did not work effectively, and intraoperative 
bleeding continued. There was one postoperative compli-
cation in the medial-type group, which involved wound 
dehiscence after 2 postoperative weeks. No other postop-
erative complications were identified after at least 1 year of 
follow-up (range, 1 year to 12 years 7 months). 
DISCUSSION
In this study, the incidence of vascular calcifications on 
preoperative knee radiographs in patients who underwent 
TKA was 4.1%. Patients with preoperative calcifications 
tended to be older than were those without calcifications, 
although this difference was not statistically significant. 
The intimal type of calcification was the most common 
type (72.2%), followed by medial (20.6%) and mixed types 
(2.7%). Regarding medical comorbidities, diabetes mel-
litus and coronary occlusive disease tended to be more 
common in the medial type, while hypertension and cere-
brovascular disease were more common in the intimal 
type. However, the difference was not statistically signifi-
cant. Intraoperative and postoperative complications were 
identified in all three cases, and all were observed in the 
medial type.
Although vascular complications after TKA are rare, 
they can have devastating consequences, such as pulmo-
nary embolism, compartment syndrome, amputation, or 
even mortality.5,20-22) The risk of ischemic complications 
may be increased in patients with a history of peripheral 
vascular disease. Arterial calcifications can decrease an 
artery’s elasticity and compliance. Therefore, these arteries 
may be more vulnerable to rapid occlusion or rupture in 
response to external stimuli than are arteries without cal-
cification. In their study of 4,097 patients who underwent 
TKA, Calligaro et al.23) reported that arterial thrombosis 
and ischemia only occurred in patients with preexisting 
peripheral vascular disease. Similarly, in a study of 1,182 
patients, Smith et al.24) concluded that the risk factors for 
arterial complication after TKA included a history of arte-
rial insufficiency and radiologic evidence of calcifications 
around the knee. If any of these factors is present on the 
preoperative assessment, the TKA may have to be per-
formed without a tourniquet. 
We identified calcifications on plain radiographs in 
223 of 5,438 cases (4.1%). This prevalence of calcifications 
was lower than that found in previous studies. Woelfle-
Roos et al.10) reported that patients with calcifications 
around the knee joints made up approximately 32% of all 
patients scheduled for TKA. Among these patients with 
calcification, the medial type was found in 20.1% and the 
intimal type in 79.9%. Cantu Morales et al.19) observed cal-
cifications in 21.1% of 900 patients who underwent TKA.
Medial arterial calcification, or Mönckeberg's ar-
teriosclerosis, is a condition that leads to stiffening of the 
elastic layer of the arterial wall. It does not cause narrow-
ing of the arterial lumen and is usually asymptomatic.25) 
However, medial calcification is related to aging and dia-
betes, can reduce artery elasticity, and is a strong predictor 
of cardiovascular mortality.14) In our study, the incidence 
of diabetes mellitus in patients with medial type calcifi-
cation was 56.5%, which was higher than in those with 
intimal type calcification (48.5%). However, there was no 
significant difference.
Intimal calcifications represent the presence of intra-
vascular plaques and may lead to diminished organ perfu-
sion.13,14,25) Woelfle-Roos et al.10) retrospectively evaluated 
825 patients who underwent TKA using a tourniquet and 
concluded that patients with intimal artery calcifications 
had a higher risk of ischemic complications, such as pro-
tracted wound healing, than those without these calcifica-
Table 4. Comorbidities of Patients with Calcifications on Preoperative 
Radiographs 
Comorbidity Medial type (n = 46)
Intimal type 
(n = 161)
Mixed type  
(n = 16) p-value
Hypertension 38 (82.60) 151 (93.20) 15 (93.80) NS
Diabetes mellitus 26 (56.20) 79 (48.50) 25 (62.50) NS
Coronary occlusive 
disease 
27 (57.10) 34 (21.10) - NS
Cerebrovascular 
disease 
2 (4.50) 12 (7.60) - NS
Values are presented as number (%).
NS: not significant.
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tions. Nevertheless, most of these patients had a normal 
distal pulsation, no clinical signs of claudication, and no 
history of peripheral artery disease. Furthermore, preoper-
ative X-rays of patients with intimal calcifications may be 
easily overlooked, because only one or two small plaques 
are observed. Therefore, one must have a high index of 
suspicion to detect calcifications on preoperative radio-
graphs, especially in cases of intimal artery calcifications. 
 Several previous studies did not recommend the 
use of tourniquets in patients with vascular calcifications 
who underwent TKA. These studies suggested that the 
use of a tourniquet increases the risk of vascular compli-
cations.17,23,24) The mechanism to explain this hypothesis 
is that mechanical pressure from the tourniquet causes 
plaque dislodgement in the blood vessel and eventual 
occlusion of distal blood flow.26) There are also possible 
complications associated with the use of tourniquets on 
calcified arteries, including rupture of the arterial wall, an-
eurysm formation, and continuous intraoperative bleeding 
due to ineffective arterial occlusion.4) 
Kobayashi et al.27) reported that the cause of arterial 
occlusion was thrombosis initiated by a plaque disruption 
in the popliteal artery during manipulation of the knee. 
They recommended that in patients with vascular calcifi-
cations around the knee or in the abdomen, TKA should 
be performed without a tourniquet. They also specified 
that intraoperative knee joint and soft-tissue manipulation 
should be done carefully. 
Koehler et al.15) retrospectively reviewed 373 pa-
tients who underwent TKA using a tourniquet. Arterial 
calcifications did not increase the risk of complications. 
They concluded that tourniquets can be used safely in 
patients with arterial calcifications who undergo TKA. Vi-
vacqua et al.4) found that there were no differences in the 
rates of postoperative complications between a group of 
58 patients with arterial calcifications and a control group 
without calcification. They demonstrated that performing 
TKA with the help of a tourniquet is a useful method that 
does not increase the surgical risk. Our result was consis-
tent with these studies. In 223 patients with calcifications 
on preoperative radiographs, TKA was performed using a 
tourniquet. Only one postoperative ischemic complication 
occurred in a patient with medial type calcification, which 
involved delayed wound healing. It is not clear whether 
the cause of the wound problem was related to the calcifi-
cation. No other postoperative systemic complications or 
local complications were found. 
Hozack et al.28) reported that the vascular complica-
tions after TKA are preventable. Popliteal calcifications 
on plain radiographs and family history of arteriosclerotic 
disease were possible risk factors for vascular complica-
tions. Therefore, careful preoperative evaluations, includ-
ing review of past medical history, family history, and 
peripheral vascular physical examination, are necessary.
There were two intraoperative complications in 
which bleeding was sustained during surgery because the 
tourniquet failed to occlude the artery. In two cases of 
medial type calcification, there was continuous bleeding 
even after an increase in pressure on the tourniquet from 
320 to 370 mmHg. Increased stiffness of a calcified artery 
can lead to tourniquet failure. In this case, a large amount 
of continuous bleeding may occur during the surgery, 
because the tourniquet compresses the vein without com-
pressing the artery.16) Several case reports have described 
calcified vessels that were resistant to collapse with tour-
niquet pressures of 300 mmHg, 450 mmHg, 500 mmHg, 
or even 600 mg in TKA.29) Tourniquet pressure can be 
continuously increased until the calcified arteries are com-
pressed; however, this excessive pressure can cause nerve 
damage, delayed wound healing, surgical site infection, 
and even popliteal artery rupture.30) When a tourniquet 
does not effectively occlude the artery in a patient with 
calcifications, TKA should be performed without a tourni-
quet to reduce intraoperative blood loss.
The main weakness of this study is its retrospec-
tive design. Therefore, we could not completely exclude 
the bias in our radiographic evaluations. To overcome 
this limitation, the orthopedic surgeon and radiologist 
involved were blinded to the clinical data. And there was 
no radiologic evaluation performed postoperatively to as-
sess the change of the vascular condition compared with 
preoperative radiographs. The main strength of this study 
is that we investigated a large study group. In conclusion, 
despite calcifications in the arteries around the knee, TKA 
using a tourniquet did not cause serious complications. 
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